All individuals experience stress and hormones (e.g., glucocorticoids/GCs) released during stressful events can affect the structure and function of neurons. These effects of stress are best characterized for brain neurons; however, the mechanisms controlling the expression and binding affinity of glucocorticoid receptors in the spinal cord are different than those in the brain. Accordingly, whether stress exerts unique effects on spinal cord neurons, especially in the context of pathology, is unknown. Using a controlled model of focal excitotoxic lower motor neuron injury in rats, we examined the effects of acute or chronic variable stress on spinal cord motor neuron survival and glial activation. New data indicate that stress exacerbates excitotoxic spinal cord motor neuron loss and associated activation of microglia. In contrast, hypertrophy and hyperplasia of astrocytes and NG2+ glia were unaffected or were modestly suppressed by stress. Although excitotoxic lesions cause significant motor neuron loss and stress exacerbates this pathology, overt functional impairment did not develop in the relevant forelimb up to one week post-lesion. These data indicate that stress is a disease-modifying factor capable of altering neuron and glial responses to pathological challenges in the spinal cord.
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Introduction
All individuals experience stress. The cellular and molecular consequences of stress, largely mediated by glucocorticoids (GCs) binding to glucocorticoid receptors (GRs), can profoundly affect neuronal structure and function. These effects are best documented for neurons in the hippocampus where stress and GCs affect synaptogenesis and the signal transduction pathways responsible for learning and memory (reviewed in Kim and Diamond, 2002) . In the context of brain injury or disease, GCs exacerbate neuroinflammation and neuron loss in experimental models of seizure, stroke or brain inflammation (Dinkel et al., 2003; MacPherson et al., 2005; Munhoz et al., 2006 Munhoz et al., , 2010 Smith -Swintosky et al., 1996; Sorrells et al., 2013 Sorrells et al., , 2009 Stein-Behrens et al., 1992) . Comparatively less is known about how spinal cord neurons respond to stress or GCs and because the mechanisms controlling the expression and sensitivity of GRs in the spinal cord are different than in the brain (Moses et al., 1991 (Moses et al., , 1989 Patacchioli et al., 1998) , it is possible that differential effects will occur between these two regions of the central nervous system.
Excitotoxic neuron death and neuroinflammation are pathologic hallmarks of several neurological disorders that uniquely affect the spinal cord (e.g., traumatic spinal cord injury, amyotrophic lateral sclerosis (ALS) and spinal ischemia secondary to trans-abdominal aortic aneurysm repair). To test the hypothesis that stress will place spinal cord neurons at additional risk for injury caused by excitotoxicity or neuroinflammation, a non-traumatic model of focal glutamate microinjection was used. When injected into the spinal cord ventral horn of naïve rats, glutamate kills neurons within discrete spinal laminae without causing bleeding or non-specific trauma. When identical injections are made into rats subjected to acute or chronic variable stress paradigms, neuron cell death was exacerbated and microglia proliferation was increased. Only in stressed rats did neurons die beyond the site of injection; significantly more neurons died several millimeters proximal/distal to the injection site. Despite the exacerbated loss of ventral horn motor neurons, no obvious deficits in gross forelimb function were noted, even several days after the onset of pathology. Together, these data indicate http://dx.doi.org/10.1016/j.bbi.2015.06.006 0889-1591/Ó 2015 Elsevier Inc. All rights reserved.
